Introduction
For many years, with the main purpose to prepare new molecular materials, our group has developed the coordination chemistry of polynitrile anions and especially cyanocarbanion species (Scheme 1) which have been evidenced as fascinating ligands for the preparation of various "M(II)/cyanocarbanion" binary systems from discrete to polymeric systems [1] [2] [3] [4] [5] [6] . Taking into account the crucial role of these anionic ligands, we are interested in using them in combination with other chelating or bridging neutral co-ligands such as the aromatic N-containing ligands to explore the role of their structural and electronic characteristics in the field of molecular materials including switchable materials exhibiting magnetic bistability [7] [8] [9] [10] [11] [12] [13] , as in the intriguing derivative [Cu(bpym)(tcnoet) 2 ].H 2 O (bpym = 2,2'-bipyrimidine; (tcnoet) -= 1,1,3,3-tetracyano-2ethoxypropenide) that displays a zigzag infinite chain with an unusual magnetic transition and reversible thermochromism [13] . Experimental and theoretical studies revealed that both magnetic and thermochromic transitions are induced by several structural and electronic effects such as the flexibility of the cyanocarbanion ligand, the rigidity and the bis-chelating coordination mode of the bpym ligand and the dynamic Jahn-Teller effect of the Cu(II) metal ion. In this context, we have decided to extend this system to other rigid bridging ligands such as the tetra-N-functionalized pphenylenediamine co-ligands acting with a bis(tridentate) bridging coordination mode [14] (Scheme 1). As the 2,2'-bpym ligand, it has been clearly established that such rigid hexadentate bridging coligand, owing to its specific electronic and structural features, could be a suitable building block for the design of various co-ordination derivatives, from mononuclear to extended molecular systems [14] [15] [16] [17] . Furthermore, such derivatives could find applications in the bioinorganic chemistry field as exemplified by the copper(II) complexes based on the 1,4-tpbd ligand (N,N,N'N'-tetrakis(2pyridylmethyl)benzene-1,4-diamine) which have recently been investigated for their DNA cleavage properties [18] [19] .
Scheme 1
In this work, we report the syntheses, structural characterizations and magnetic properties of two new copper coordination polymers formulated as [Cu 2 (1,4- tpbd)Cl 2 L 2 )] with L = tcnoet -(1) and tcnopr -(2), based on the 1,4-tpbd molecule and organocyanide anions (Scheme 1).
Experimental

Reagents and techniques
Tetracyanoethylene, urea, potassium terbutoxide (C 4 H 9 OK), malononitrile (CH 2 (CN) 2 ), pphenylenediamine, 2-(picolyl)chloride hydrochloride, tetramethylorthosilicate (TMOS) and CuCl 2 .2H 2 O were purchased from Sigma-Aldrich and used without further purification. Solvents were used and purified by standard procedures. The N,N,N'N'-tetrakis(2-pyridylmethyl)benzene-1,4diamine (1,4-tpbd) was prepared following the procedure described in reference [14] . Elemental analyses were performed by the "Service Central d'Analyses du CNRS", Gif-sur-Yvette, France.
Infrared spectra were recorded in the range 4000-50 cm -1 on a FT-IR Brucker ATR Vertex 70
Spectrometer. Diffraction analyses were performed using an Oxford Diffraction Xcalibur -CCD diffractometer. NMR spectra were recorded on a Brucker DRX 300 or Brucker Avance 400 and 500
MHz. Magnetic measurements were performed with a Quantum Design MPMS-XL-5 SQUID magnetometer in the 2-300 K temperature range with an applied magnetic field of 0.1 T on polycrystalline samples of compounds 1 and 2 (with masses of 2.00 and 13.37 mg, respectively). The susceptibility data were corrected for the sample holders previously measured under the same conditions, and for the diamagnetic contributions as deduced by using Pascal´s constant tables ( dia = -547.4x10 -6 and -571.6x10 -6 emu.mol -1 for 1 and 2, respectively) [20] .
Preparations
Synthesis of the potassium cyanocarbanion salts.
The potassium salt of 1,1,3,3-tetracyano-2-ethoxypropenide, K(tcnoet) was synthesized according to reference [3] . Anal. Calcd. for KC 9 
Synthesis of the Cu complexes (1 and 2).
Both complexes were prepared using a similar procedure: Salts of cyanocarbanion (Ktcnoet or Ktcnopr, 0.24 mmol) and CuCl 2 .2H 2 O (20 mg, 0.12 mmol) were dissolved in 9 mL of water. Then, 1 mL of TMOS was added and the mixture was stirred for obtaining a full homogenization of the mixture. Few hours later, the gel was formed and a solution of tpbd (28 mg, 0.06 mmol) in CH 3 CN 
X-ray crystallography
Single crystal X-ray data for compounds 1 and 2 were collected at T = 296 K on an Oxford Diffraction Xcalibur -CCD diffractometer, using a graphite monochromated Mo-Kα radiation ( = 0.71073 Å). Data collection and data reduction were done with the CRYSALIS-CCD and CRYSALIS-RED programs [21] . The crystal structures were solved by direct methods and successive Fourier difference syntheses, and were refined on F 2 by weighted anisotropic full-matrix least-square methods [22] . All non-hydrogen atoms were refined anisotropically while the hydrogen atoms were calculated and therefore included as isotropic fixed contributors to F c . All other calculations were performed with standard procedures (WINGX) [23] . Scattering factors and corrections for anomalous dispersion were taken from the International tables for X-ray crystallography [24] . The thermal ellipsoid drawings were performed using the ORTEP [25].
Pertinent crystal data and selected bond distances and bond angles are listed in tables 1 and 2.
Results and discussion
Both derivatives 1 and 2 have been synthesized according to a sol-gel procedure using tetramethylorthosilicate (TMOS) as the gel-forming reagent, by slow diffusion of an acetonitrile solution of the organic molecule 1,4-tpbd into a freshly prepared gel obtained by mixing aqueous solutions of the organocyanide anions, copper (II) chloride and TMOS. After few days, suitable crystals for X-ray studies were obtained and analyzed as [Cu 2 (1,4-tpbd)Cl 2 (tcnoet) 2 ] for 1 and [Cu 2 (1,4-tpbd)Cl 2 (tcnopr) 2 ] for 2. Both compounds display similar infrared spectra patterns in the region ascribable to the vibration of the CN bonds i.e. a strong absorption band at 2197 and 2196 cm -1 for 1 and 2 respectively, together with two smaller narrow bands (2220 and 2145 cm -1 for 1;
2216 and 2149 cm -1 for 2). These values are nearly similar to those observed for the corresponding potassium salts (K(tcnoet): 2225(w), 2196(s), 2164(m), 2149(m) and K(tcnopr): 2224(w), 2198(s), 2152(m)) containing the non coordinated cyanocarbanion moieties, and consequently do not allow any discussion about the coordination of some CN groups for both compounds. Considering the tpbd features, it is worth to note that the absorption band, at almost 1610 cm -1 , is slightly shifted towards higher wave numbers with respect to the free ligand, indicative of the coordination of the ligand to the metal centre in both derivatives [18] . Besides, there are two bands at 293 and 246 cm -1 , ascribable to the Cu-Cl vibrations, which are similar to those observed in the [CuCl 2 (py) 2 ] complex [26] .
The crystal structures of 1 and 2 have been determined at room temperature. Both derivatives crystallize in the P-1 triclinic space group (Table 1) . Table 1 Crystal data and structural refinement parameters for compounds 1-2 
The molecular structures are shown in Figure 1 and selected bond angles and lengths are gathered in Table 2 . Careful examination of the structural features (Tables 1-2) points out that both compounds exhibit almost similar structures. The asymmetric unit displays one copper (II) ion, one organocyanide anion (tcnoetfor 1, tcnoprfor 2) and one chlorine atom, all in general positions, and half tpbd molecule located on an inversion centre. The whole molecular structure is completed by symmetry and, accordingly, these compounds can be described as centro-symmetric dinuclear copper complexes (Figure 1 ). The copper atom is weakly bonded to a fourth nitrogen atom (N4) arising from the terminal organocyanide ligand that occupies an apical position. The Cu-N4 bond length, which is noticeably longer than the equatorial ones (2.395(3) Å for 1 and 2.445(6) Å for 2), allows however the copper centre to extend its coordination number to 5 according to a distorted square planar pyramid ( = 0.19
for both complexes) [27] . Table 2 Selected bond distances (Å) and bon angles (°) for 1-2 (13) Additionally, a very weak interaction occurs between the Cu (II) centre and the chlorine atom Cl (iii) (Cu-Cl (iii) distance: 3.1755(9) Å for 1 and 3.293(2) Å for 2) and accordingly occupies the second apical position of the coordination sphere. This Cu···Cl interaction allows to view the Cu(II) environment as a very elongated Cu(N 3 Cl)(NCl) octahedron (Figure 1 ). Besides the distorted octahedral environment, this weak Cu···Cl (iii) interaction generates chlorido bridges connecting the Cu-tpbd-Cu dinuclear units. Thus, the molecular structure of both compounds can be described as chains alternating 1,4-tpbd bridges and double asymmetric Cl bridges along the b-axis (Figure 2 ).
Finally, owing to the weak hydrogen interactions occurring between adjacent chains the overall structure can be viewed as weakly connected 3D lattices for both compounds.
The Cu···Cu distance across the bis-chelating organic ligand (8.194 (1) Å for 1 and 8.245(3) Å for 2)
is in the range of the corresponding distances observed for parent complexes involving similar Cutpbd-Cu bridges [14, [18] [19] ; and, as expected, the Cu···Cu distance through the asymmetrical ( 2 -Cl) 2 bridges is significantly shorter (4.021(2) Å for 1, 4.125(2) Å for 2). A careful examination of the reported copper (II) complexes involving double -dichlorido bridges and a distorted octahedral coordination geometry, reveals that they all display discrete dinuclear structures and asymmetrical bridges characterized by two different Cu-Cl distances [28] [29] [30] [31] [32] [33] [34] [35] . The shortest distance corresponds to a normal Cu-Cl bond length and does not show any significant variation from complex to complex (2.218-2.278 Å); while the longest one shows a large deviation (2.698-3.112 Å). It is worthy to note that this difference becomes more marked in complexes 1 and 2 (3.175(1) Å for 1; 3.293(2) Å for 2). This may be explained by the steric hindrance imposed by the bulky organocyanide anions in both compounds.
It is worth to note that the 1,4-tpbd organic ligand acting with its regular bis-chelating mode, can adopt a cis or a trans conformation as observed in several complexes involving M-tpbd-M dinuclear units (Scheme 2). Complexes 1 and 2 (see Figure 1 ) present the trans conformation that minimizes the steric hindrance and is the most commonly observed in the reported complexes involving the bis-chelating coordination mode of this ligand. Compounds 1 and 2 display very similar magnetic behaviors (Figures 3 and 4) . The product of the molar magnetic susceptibility per Cu(II) dimer times the temperature,  m T, shows a value at room temperature of ca. 0.8 cm 3 K mol -1 for both compounds, the expected value for two isolated S = ½ Cu(II) ions. When the temperature is decreased,  m T shows a continuous decrease that becomes more abrupt below ca. 60 K and reaches values close to zero at 2 K. This behavior suggests the presence of Given the alternating chain structure displayed by both compounds, we can consider, in a first approach, two possible models to fit the magnetic properties: (i) an alternating S = ½ chain model or (1,4- (1,4-tpbd) ](ClO 4 ) 4 , (5) that shows a negligible antiferromagnetic exchange due to geometric factors [36] (see below). These results show that the magnetic coupling through the 1,4tpbd bridge in 1 and 2 must be ca. 100 times higher than that through the double asymmetric chlorido bridge and, therefore, we can neglect this latter bridge and consider compounds 1 and 2 as simple Cu(II) dimers connected through 1,4-tpbd bridges. Accordingly, we have used the classical Bleaney-Bowers S = ½ dimer model to fit the magnetic properties of both compounds [37] . In order to 
Conclusions
In this paper we have reported the structural characterization and the magnetic properties of two copper coordination polymers based on the 1,4-tpbd ligand and two cyanocarbanion ligands (tcnoet)and (tcnopr) -. Both exhibit very close molecular structures which can be described as zigzag chains alternating Cu-tpbd-Cu and asymmetric double chlorido bridges. For both complexes, the magnetic properties show antiferromagnetic exchange interactions, taking place through the 1,4-tpbd bridge (since the double asymmetric chlorido bridge gives always a negligible coupling). The magnetic data were fitted using a simple S = ½ dimer model and the presence of a moderate antiferromagnetic coupling has been rationalized from the coordination geometry for compounds 1 and 2 as well as for the three other similar reported Cu(II) dimers with a 1,4-tpbd bridge. Furthermore, these compounds have confirmed the magneto-structural correlation between J and the torsion Cu-N-C-C angle (), previously established with only two examples.
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